Spinal ultrasonography provides guidance for epidural insertion in obstetric patients. The primary objective of the study was to develop a training program in spinal ultrasound for anaesthetists and to determine its effect on the skill acquisition of anaesthetists with no prior spinal ultrasound experience. Eighteen anaesthetists underwent two structured workshops (one week apart), each followed by a practice session and videorecorded assessments. Participants were randomised to a protocol-driven or non-protocol driven spinal ultrasound teaching program. Two experts rated each individual's performance using a global rating scale (GRS), checklist and image quality scale. The primary outcome was the mean difference in GRS score between the two workshops, analysed using linear mixed models. Intraclass correlation coefficients were calculated to assess agreement between assessors' ratings. A total of 108 ultrasound scans were performed on five pregnant volunteers during the assessment periods. After adjusting for confounders, GRS scores increased on all three rating scales at the second workshop, this increase being 6.01 points (95% confidence interval 4.56 to 7.46, P <0.001) from a mean score of 28.4 (95% confidence interval 24.8 to 32.0). There was no significant difference in the scores between the two teaching groups (difference in GRS scores=1.36 points, 95% confidence interval -0.77 to 3.50, P=0.211). Intraclass correlation coefficients showed substantial assessor agreement for all three assessment methods (range 0.59 to 0.89). The results demonstrate that programmed spinal ultrasound training sessions involving practice with guidance and feedback from an expert, whether protocol-based or non-protocol based, lead to improved performance.
The development of spinal ultrasonography has been a step forward for obstetric anaesthesia as it has transformed a fundamentally tactile epidural insertion method into an ultrasound-assisted procedure. Previous research of spinal ultrasonography by Margarido et al 1 demonstrated that the learning curve for this technique is reasonably long, suggesting that a more detailed teaching program is required in order to transfer knowledge and skills effectively. Furthermore, anaesthetists wishing to use this technique should be adequately skilled. Consequently, a study with the potential to generate reproducible outcomes, which identified effective and efficient training methods for this technique, was needed.
The primary objective of the study was to develop a training program in spinal ultrasound for anaesthetists and to determine its effect on the skill acquisition of anaesthetists with no prior spinal ultrasound experience. The secondary objective was to compare the effect of a protocol-driven with a non-protocol driven teaching approach in order to establish the best method of teaching the technique.
MATERIALS AND METHODS

Study design and participants
After obtaining approval from the Calvary Health Care Australian Capital Territory Human Research and Ethics Committee (approval number Anaesthesia and Intensive Care, Vol. 42, No. 4, July 2014 22/2009), we conducted this prospective, assessorblinded, randomised controlled trial between 4 and 11 December 2009. We followed the guidelines for reporting and checklist of the CONSORT (Consolidated Standards of Reporting Trials) Group 2 . The trial was registered in the Australian New Zealand Clinical Trials Registry (ACTRN-12611001155987).
We approached all 54 anaesthetists in the Australian Capital Territory who were eligible to participate in the study. While the absence of previous spinal ultrasound experience was the single inclusion criteria, inability to attend all the study sessions was the reason for exclusion. Written informed consent was provided by 20 anaesthetists (specialists or registrars) and 18 completed the study. Two anaesthetists were unable to commit to both sessions due to changes in their working schedule and were excluded. All participants completed a survey regarding the number of anaesthesia-related (non-spinal and spinal) ultrasound scans previously performed. Five pregnant women, who volunteered as models, also signed a written consent form. No incentives were provided.
Development of a standardised training program
We developed a standardised ten-step training program called 'The 10 easy steps of performing spinal ultrasound' based on the technique described by Carvalho et al 3 and modified it to avoid some of the problems commonly encountered while learning the skill, as defined by Margarido et al 1 . The program steps were then used to develop a task-specific Technical Checklist (TCL), which was used for assessment and feedback. An outline of these steps is shown in Appendix 1 (available online).
For ultrasound scanning, the investigators (NT and DB) selected pregnant models with conclusive lumbar spine sono-anatomy (L5-S1 to L1-2) in both the paramedian sagittal oblique and transverse median planes, based on predefined criteria by Borges et al 4 
.
A conclusive sonogram in the paramedian sagittal oblique plane showed an easily identifiable sacrum, lamina, ligamentum flavum and vertebral body, while in the transverse median plane it demonstrated the articular processes, transverse processes, ligamentum flavum and vertebral body.
Protocol-driven and non-protocol driven teaching methods
To facilitate the protocol-driven teaching session, we developed a ten-minute narrated Microsoft PowerPoint presentation and a ten-minute demonstration of 'The 10 easy steps of performing spinal ultrasound' (Appendix 1-online). This method emphasised naming and performing the ten steps sequentially. For the non-protocol driven session, we prepared a 20-minute training program involving interactive teaching of the technique without verbally referring to the ten steps. Participants were encouraged to interact and ask as many questions as needed in order to establish a routine for performing a spinal ultrasound scan. Both methods were finalised after consensus by the investigators and were trialled on two non-participant trainees.
Workshops
All study participants participated in two workshops conducted one week apart, with no study material or training before or between the two workshops. The workshops were conducted by authors RL and DB, who had received three months of intensive spinal ultrasound training preceding the study and had performed over 300 supervised lumbar spine ultrasound scans on live models with a spectrum of different sono-anatomies. Each scan was reviewed one-on-one by the principal investigator (NT), who also gave formative feedback based on the global rating scale (GRS) (Appendix 2-online) and TCL. The principal investigator had four years of experience in lumbar spine ultrasound prior to the study.
During the first workshop, the participants took three sequential sessions with a total duration of 80 minutes: 1) a teaching session (protocol-driven or non-protocol driven; 20 minutes), 2) a practice session (40 minutes) and 3) an individual assessment (20 minutes). The purpose of the first workshop was to teach participants how to perform a systematic spinal ultrasound scan and to test their resulting baseline scanning skills by measuring overall performance (GRS) and task-specific performance (TCL). The second workshop involved the same three sequential sessions and was a replica of the first, with the aim of consolidating the learning process and testing the retention component.
An independent researcher performed the randomisation, assigning participants to either protocol-driven or non-protocol driven teaching groups. The order in which the lumbar interspace levels were scanned by each participant was also randomised according to a computer-generated random table, using block sizes of 4 and a 1:1 allocation ratio. The randomisation codes were disclosed only after the completion of the trial. The allocation was concealed by sequentially numbered sealed opaque envelopes, and prepared and kept by an independent research assistant. The envelopes contained information regarding the assigned study number, teaching modality, order in which they were to be assessed and selected order of scanning three lumbar interspaces (L2-3, L3-4, L4-5) during their assessment. The participants were blinded to their teaching group assignment and were unaware of the assessment criteria.
1) Teaching sessions
Ultrasound teaching and assessments were conducted on five pregnant models using the same M-Turbo® ultrasound machine (SonoSite Australasia Pty Ltd, Belrose, New South Wales, Australia) with a 2 to 5 MHz curved array probe. The models were rotated in order to avoid the participants from scanning the same model twice, thus minimising potential for bias.
2) Practice sessions
Immediately following the teaching session, all participants had a 40-minute practice session, during which they were specifically instructed to review three spinal ultrasound tasks: a) marking three lumbar interspaces (L2-3, L3-4, L4-5), b) marking the needle insertion point and c) measuring and documenting the distance from the skin to the anterior border of the ligamentum flavum-dura mater complex.
There were differences in practice sessions between the two teaching methods. The participants in the protocol-driven group were explicitly instructed to follow the ten sequential steps during scanning and were corrected if any deviations from the sequence and technique were noted. In the non-protocol driven teaching group, the participants were given general guidance and corrected only if the ultrasound technique was incorrectly performed. Corrections were offered without referring to the ten steps, and changes in the order of the ultrasound scanning steps were allowed.
3) Individual assessments
After the completion of the teaching and practice sessions, each participant was assessed by videorecording their performance of the prespecified spinal ultrasound tasks during three consecutive randomised lumbar ultrasound scans. The participants were expected to complete all three scans within 20 minutes. Prior to the participants starting, the workshop facilitators marked each model's lumbar interspaces with a pen only visible with ultraviolet light (Pelikan Artline Pty Ltd, Kings Park, New South Wales, Australia). A large adhesive transparent dressing (3M Australia, North Ryde, New South Wales, Australia) was then placed over this area to allow the participant to make markings with a black marker for further evaluation. Formative feedback using the GRS and TCL was given for 60 seconds after each scan by one of the workshop facilitators (DB or RL). The feedback for the protocol-driven group included comments on the specific order and content of the ten steps of the spinal ultrasound scan. In comparison, the feedback for the nonprotocol driven group included general guidance for appropriate scanning. Issues with scanning technique were addressed and corrected in both groups.
In order to assess the performance of the participants, two blinded assessors (CA and MB) from a different international centre, who had seven years of experience in spinal ultrasound scanning, rated the videorecorded assessment sessions of both workshops using the three-point, ten-stage TCL (Appendix 1), the GRS (Appendix 2) and an image quality scale (IQ) score of saved ultrasound images in the transverse median plane. They received password-protected videorecorded files downloaded in a random order and therefore had no knowledge of participants' randomisation group and workshop sequence.
OUTCOMES
The primary outcome was the mean difference in participants' GRS scores across the two workshops. The main secondary outcome was the difference between the protocol-driven and non-protocol driven teaching methods. The GRS has previously been validated for objectively evaluating different anaesthesia skills between operators with variable expertise 5, 6 .
The GRS consisted of a five-point scale that used eightitem behavioural descriptors (maximum score 40) and focused on the overall performance of the trainee, rather than the specifics of the manual tasks. Other secondary outcomes included the mean differences in the TCL and IQ scores between the two workshops and between the teaching programs. Each item on the TCL was rated on a scale of 0 to 2 (0=task not performed, 1=poorly performed, 2=well performed; maximum score 20). The ultrasound images were scored on an IQ scale of 1 to 5 (1=poor visibility and all structures not identifiable, 2=all structures reasonably identifiable, 3=all structures satisfactorily identifiable, 4=good visibility of all important structures, 5=very good visibility of all important structures).
STATISTICAL ANALYSIS
The effect of the workshop sessions and the teaching methods on changes in the three rating scales was analysed using linear mixed models with random intercepts for participants and assessors, and assessors nested within participants. Potential confounders included in the model were participant age, anaesthetic experience and number of (non-spinal) ultrasound scans previously performed. Age was centred using the participants' mean age of 33.7 years. All statistical analyses were performed using the statistical software package Stata I/C (Release 12, StataCorp, College Station, TX, USA), and a P value less than 0.05 was considered statistically significant. We planned to use an intention to treat analysis; however, this was not necessary as all the participants received their assigned intervention. Intraclass correlation coefficients (ICC) and 95% confidence intervals (CI) were calculated to estimate the agreement between assessors' scores for the three rating scales (GRS, TCL and IQ). We calculated ICCs and CIs for consistency of assessors using average measures. This corresponds to the ICC (3, κ) model of Shrout and Fleiss 7 and ICC (C, κ) model of McGraw and Wong 8 with κ=3. Since it is considered that there is a very good agreement between the weighted kappa statistic and ICC, we followed the guidelines by Landis and Koch 9 . A test statistic greater than 0.8 indicated near perfect agreement, 0.61 to 0.8 indicated substantial agreement, 0.41 to 0.61 indicated moderate agreement, 0.21 to 0.40 indicated fair agreement, 0.00 to 0.2 indicated slight agreement and less than 0.00 indicated poor agreement.
For sample size calculation, standardised effect size measures are typically used when the metric units of variables being studied do not have an intrinsic meaning (e.g. GRS) or when they test on an arbitrary scale. There is certain consensus in educational research that an effect size greater than one standard deviation demonstrates a large effect 10, 11 . With nine subjects per group using a two-tailed alpha of 0.05, we had 80% power to detect an effect size of one standard deviation difference in the GRS score between the teaching modalities (protocoldriven and non-protocol driven teaching) 12, 13 . Therefore, 18 participants were required in total.
RESULTS
Eighteen participants (nine in each teaching group) performed 108 ultrasound scans during the individual assessments within the two workshops. Each participant performed six scans (three during each assessment session on a single model) within 20 minutes of allocated time. Figure 1 shows a flow diagram of the study progress.
The characteristics of participants are presented in Table 1 . The median age in the protocol-driven group was greater than in the non-protocol driven group. They also had less anaesthesia experience; however, these differences were adjusted for in the linear mixed models. No serious adverse events were reported. Table 2 shows the results of linear mixed models evaluating the effect of workshop sessions and teaching methods (explanatory variables) on changes in the three rating scores (i.e. GRS, TCL and IQ scale response variables) after adjusting for assessor, age, years of experience and number of procedural (non-spinal) ultrasound scans performed previously. The overall mean GRS score in the first workshop was 28.4 (95% CI 24.8 to 32.0), which increased by 6.01 points (95% CI 4.56 to 7.46, P <0.001) in the second workshop. The TCL score increased by 2.38 (95% CI 1.58 to 3.18, P <0.001) from a mean of 15.7 (95% CI 13.8 to 17.6) and IQ score increased by 0.58 points (95% CI 0.24 to 0.92, P=0.001) from a mean of 3.28 (95% CI 2.45 to 4.11). There were no significant differences between the two teaching program groups. The mean difference in GRS between protocol-driven and nonprotocol driven groups was 1.36 points (95% CI -0.77 to 3.50, P=0.211), and there were no interactions among the main effects: teaching method, workshop and assessor.
The reliability of results between assessors is presented in Table 3 . The ICC range indicates substantial to near-perfect agreement between assessors (0.59 to 0.89). The agreement was generally more consistent for the GRS compared with the TCL, and there was no statistically significant difference between the two workshops.
DISCUSSION
Our study demonstrates that programmed training sessions involving practice with guidance and feedback from an expert lead to improved spinal ultrasound performance. Teaching based on a protocol-driven approach was not more effective than a non-protocol driven approach.
There are several possible explanations for finding no differences between the two teaching groups. First, it has been shown that if the relationship between a decision and an action is relatively salient then subjects will acquire explicit knowledge as well as the ability to control the task 12 . Salience refers to the probability that a person learns by the selective rather than the unselective mode (i.e. the key variables of the task are chosen and only the contingencies between the key variables are observed) 12 .
Second, it is possible that the participants in the implicit teaching group (the non-protocol driven method) adopted an explicit mode of learning in the absence of explicit instructions 12 (for more informa-tion, see 'Explicit versus implicit teaching and learning', available at http://languagelinks2006. wikispaces.com/Implicit+vs.+Explicit+Teaching. html, accessed 19 October 2011). It has been shown that some overall general pattern-matching process plays an important role in this regard 12 . Third, any complex teaching task is likely to involve a subtle combination of implicit and explicit learning aspects, rather than solely one or the other. Fourth, it is theoretically possible that controls were contaminated with some items of the stepwise teaching program due to instructors reflecting on their own working knowledge of the procedure, which is effectively a task analysis. It is likely that any contamination was restricted to the content, but not the method of the teaching, which was the secondary objective of the study. We investigated which method of teaching in the spinal ultrasound training program was superior-to provide recommended steps to be followed sequentially or to use interactive instruction in which participants learn by asking questions while performing the technique. We attempted to avoid contamination by encouraging participants to ask questions, and this proved feasible as they were compliant and interacted well with the instructors. The study found no significant difference between the protocol-driven and non-protocol driven approach. We believe that the randomised controlled design was appropriate and justified.
A strength of our study was the standardised timing of video assessments, which ensured that both groups had received a similar amount of exposure to spinal ultrasound at the two different timepoints. Furthermore, both assessors were external, such that it was possible to mask subject identity, type of teaching intervention, the order of the workshops and the level of epidural ultrasound experience. Despite blinding, scoring agreement among assessors was excellent. While the GRS is an established, qualitative scale with good validity and reliability for rating anaesthesia procedures 5, 6 , the TCL scale was developed by the study investigators based on previous literature 13 , clinical experience and expert opinion. Although the TCL was derived from 'The 10 easy steps of spinal ultrasound' and appears to have good face and content validity, future studies are needed to establish the construct and predictive validity of this particular scale 14 . The IQ scale was also included because it assesses the scan endpoint that is essential for performing the epidural procedure. There are some limitations to our study. First, ultrasound scans were not followed by epidural insertions. However, obtaining an optimal ultrasound image, with good understanding of the structures visualised and appropriate skin marking, is the key element of an easy epidural procedure after ultrasound guidance. Ultrasound facilitates epidural placement 1, 5, 16 but studies of teaching methods have been lacking. Second, all our models had conclusive sono-anatomy, so how anaesthetists might perform when dealing with patients with varying anatomy cannot be predicted by this study.
Third, we did not perform a baseline assessment before the training program, which could have revealed pre-existing knowledge. However, only participants with no previous spinal ultrasound experience were included, so such pre-testing is not relevant to the study results and related purposes. In addition, at the time of study very few anaesthetists in Australia were performing spinal ultrasound.
In conclusion, our study demonstrates that repeated spinal ultrasound training sessions involving practice with guidance and feedback from an expert lead to improved performance. It emphasises the value of teaching and assessment, regardless of whether it is delivered as a protocol-driven or nonprotocol driven approach. Such training can be reproduced in other centres, leading to the early acquisition of requisite skills and construction of trainee ultrasound learning curves.
